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LOI CAM DPOAN

I'01 cam doan day la cong trinh nghi¢n ctu cua toi. Cac s6 licu, két qua néu
trong luan an la trung thue va chua tng dugce ai cong bo trong bat kv ¢ong trinh

nao khac.
Tp. Ho Chi Minh, ngay  thang 6 ndm 2018.
Tac gia ludn an

Nguyén Ngoc Au



TOM TAT

Hé thong dién hién dai dbi mat cac thach thac mai voi rat nhiéu thay doi.
Dau tu ngudn phat khong dap ung kip nhu cau phét trién phu tai gay ap luc 1&n hé
théng dién phai van hanh gan giéi han 6n dinh. Trong khi d6, hé théng dién van
hanh ludn gap phai cac truong hop su cb bat thuong. Cac sy ¢d nay gay hai d¢én on
dinh dong hé théng dién va cé thé din dén tan rd hé théng dién. Panh gia 6n dinh
qué do cua hé théng dién trong nhiing dao dong I6n do su cd gy ra, cac phuong
phap truyén théng to ra kém hiéu qua. Vi vay, mot nhu cau 1a can hé théng nhan
dang nhanh mét 6n dinh dong hé théng dién nham canh bao sém thi con co hoi dé
diéu khién dua hé thong dién tro vé trang théai on dinh. Thé gidi dang chiing kién sy
troi day mot cach manh mé cua tri théng minh nhan tao tng dung vao linh vuc khoa
hoc cong nghé trong nhitng nam dau thé ky 21 va thoi gian sap téi. Trong d6, tng
dung cong nghé tinh toan thdng minh nhan tao trong chan doan 6n dinh hé thng
dién duoc nhiéu nha khoa hoc quan tam. Qua nghién ctu, tac gia nhan thay ung
dung mang than kinh nhan tao cho bai toan chan doan 6n dinh hé théng dién gap
phai van dé phuc tap cia dir liéu can xir Iy dé nang cao do chinh xé&c. Luan an dé
xuat huéng nghién ciu ng dung hé théng thong minh vao xay dung mé hinh chan
doan 6n dinh dong hé théng dién gom ba van dé cu thé can giai quyét: Mot 1a van
dé lya chon tap bién. Hai la van dé giam khong gian mau. Ba la cai tién mé hinh

mang no-ron dé nang cao do chinh x&c nhan dang.

T6m tit cac dong gop chinh cia luan an nhu sau:

1. Dé xuét quy trinh xay dung tap bién cho bai toan nhan dang 6n dinh dong hé
thong dién. Gigi thiéu va ap dung thanh cong hai giai thuat chon bién, SFFS
va FR, vao giam khong gian bién mot cach hiéu qua. Két qua kiém tra trén so
d6 IEEE 39-bus, giai thuat SFFS cho két qua chon bién t6t hon phuong phap

FR nhd vao mé rong khong gian tim kiém cua no.




. Ap dung thanh cong giai thuat giam khéng gian mau K-means lai (Hybrid K-
means — HK), cai tién tir giai thuat phan cum dit liéu ndi tiéng K-means, khai
pha dix liéu 6n dinh dong hé thdng dién. Két qua kiém tra cho thay giai thuat
HK d3 khic phuc duoc nhuge diém K-means, gidp nang cao chat lugng phan
cum dir liéu, giam khong gian mau mét cach hiéu qua. Viéc giam khong gian
mau 1am cho mdi nhém mau con c6 mét tim dai dién. Diéu nay cd ¥ nghia
rat quan trong 1a 1am cho mé hinh khéng ting dung lwong bo nhd luu trix
mau méi, linh hoat trong viéc cap nhat lam giau tri thac méi, va gitp mo
hinh nang cao kha niang bao phu dit liéu, thich nghi vi mau méi rat cao.

. D& xuit quy trinh xay dung hé théng nhan dang théng minh chan doan nhanh
on dinh dong hé théng dién duwa trén co s& mang no-ron, khai pha dir liéu.
Ludn 4n da phat trién thanh céng mé hinh mang no-ron song song cai tién
cho bai toan nhan dang 6n dinh dong hé théng dién. Mé hinh dé xuit dat
duge muc tiéu quan trong 13 nang cao do chinh xac phan 16p. Véi cach tiép
can trinh bay trong luan an, cac khau thyc hién da duoc quy trinh hoa, diéu
nay giip md hinh nhan dang hoan toan cd thé mé rong cho cac truong hop
nhiéu 16n khac nhau.

. Bai toan nhan dang trong dé tai c6 thé tong hop cho bai toan diéu khién on
dinh hé thdng dién chang han nhu diéu khién sa thai phu tai.

. Xay dung céch tiép can nhan dang nhanh trang thai 6n dinh dong hé théng
dién khi c6 su ¢ ngdn mach nghiém trong xay ra chi dua trén céc bién dau
vao 1a d6 thay ddi cong suat tac dung tai, do thay doi cong suat tac dung trén
cac nhanh, va sut dién 4p tai cac nat. Két qua kiém tra cho do chinh xac nhan
dang cao vé trang thai on dinh hé théng dién ma khong can giai hé phuong
trinh vi phan nhu phuong phép truyén thong.

. Hé théng nhan dang thong minh dugc xay dung cé thé duoc sir dung nhu

cong cu trg gitp cac diéu do vién dé ra chién lugc diéu khién trong nhiing




tinh hudng khan cép, va huan luyén cac diéu do vién hé thong dién xir ly cac
tinh hudng dua trén céc kich ban su c.

. Viéc giam khéng gian bién cé y nghia rat 1on trong viéc giam chi phi thiét bi
do ludng cam bién, don gian hoa so d6 dau ndi, va gitp hé thong ting toc d6
xtr ly. Viéc giam khong gian mau cd ¥ nghia quan trong trong viéce tiét kiém
bd nhd luu trir mau, giam chi phi thu thap dir liéu, va gitp moé hinh dé dang

cap nhat dir liéu mai.




ABSTRACT

Modern power systems are forced to operate under highly stressed
operating conditions closer to their stability limits due to the rapid growth of
electricity demand. The power system operates in the event of unusual
problems. These problems damage the power system and can lead to system
blackout. Evaluating the transient stability of the power system in large
oscillations caused by the incident, traditional methods are ineffective. The
need is to fast identify the unstable power system for early warning, so that
the opportunity driving power system into re-stability state can be easier. The
world is witnessing a strong rise of artificial intelligence applied to the field
of science and technology in the early 21st century and in the coming time. In
particular, artificial intelligence applications in the diagnosis of power system
stability are many scientists concerned. In study, the author found that the
artificial neural network application for the power system diagnostics
encountered a complex problem of data processing and classification
accuracy. From anayzing, the author proposed three specific issues to solve:
feature selection, sample reduction space, and improved classification

accuracy.

Summary of theoretical and academic contribution of the dissertation:

1. Approach of builiding fast recognition method for dynamic power system
stability prediction is caused by faults. The selected features are variables
that characterize at fault-on mode of power system such as voltage drops
in the nodes, changes in active power flows in transmission lines, and
nodal active powers. The test results have high accuracy classification of
the stability status of the power system without solving the differential
equation as a traditional method.

Vi



. Propose the process of building the feature set for dynamic power system
stability prediction. Successfully applied two reduction feature space
algorithms that are SFFS and FR. The tested results on IEEE 39-bus
power net showed that the SFFS algorithm gives better results than the FR
method because of its expanded search space.

. Successfully applied Hybrid K-means algorithm in the data mining of
power system stability, the test results show that the HK algorithm
overcomes the K-means disadvantage, improves the quality of clustering,
and reduces the sample space efficiently. Reducing the sample space, each
cluster has a representative center. This helps the model not increase the
memory capacity, flexibility in updating knowledge, and helps the model
improve data coverage.

. With the approach presented in the thesis, the implementation process has
been clearly defined, which makes the model can completely expand to
the case of different large noises.

. The problem of recognition in the thesis can be synthesized for the
problem of controlling the power system stability such as the load
shedding control.

. The built intelligent recognition system can be used as a tool to assist
operators to develop control strategies in emergency situations, and a
training tool for handling situations based on incident scenarios.

. Feature reduction space is significant in reducing the cost of sensor
measurement, simplifying the connection diagram, and helping the system
to work faster. Sample reduction space is important for the system to save
sample storage space, reduce data collection cost, and update data.

vii
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Chuong 1. MO PAU

1.1 TINH CAN THIET

Hé thong dién hién dai dbi mit cac thach thic méi véi rat nhiéu thay doi.
Dau tu ngudn phat khong dap ung duoc nhu cau phat trién phu tai gay ap luc 1én
hé thng dién phai van hanh gan giéi han 6n dinh. Trong khi d6, hé thong dién van
hanh ludn gap phai cac truong hop bat thuong dan dén tan ra hé théng dién. Trén
thé gii da xay ra rat nhiéu sy c6 tan ra hé théng nghiém trong gan lién voi su mat

6n dinh cua hé théng dién va da gay ra nhing thiét hai kinh té v6 ciing to 16n.

Pé danh gia tinh on dinh qua do cua hé thdng dién phic tap nhiéu may
trong nhitng dao dong 16n do sy cb gy ra, cac phuong phap truyén thdng to ra
kém hiéu qua. Vi vay, mot nhu cau la can hé thong chan doan nhanh mét 6n dinh
dong hé théng dién nham canh bao sém thi con co hoi dé diéu khién dwa hé thong
dién tro vé trang thai on dinh. Ung dung cong nghé tri thirc danh gia 6n dinh hé
thng dién dugc nhiéu tac gia quan tdm va tap trung nghién ctu trong nhitng nam
gan day. Tuy nhién, tng dung cdng nghé tri thirc gip phai hai van dé kho khan anh
huong dén do chinh xac nhan dang: Mot 1a bién dau vao I6n dan dén tang chi phi
do luong cam bién, va gay nhidu. Hai 1a dir liéu mau I6n gay tén kém chi phi thu
thap dit liéu, ting bo nhé luu trit, huan luyén kho khan. Vi vay, nghién cau chon
bién dic trung va mau dai dién, cling nhu nghién ctru xay dung mé hinh nhan dang
théng minh trong chan doan 6n dinh dong hé thng dién trén co s& mang no-ron
nham nang cao do chinh xac 1a rat can thiét. Do ciing 1a dong co dé Nghién ctu
sinh chon dé tai nghién ctru “Hé théng nhan dang théng minh chan doan nhanh
on dinh dong cia hé thong dién’.

1.2 MUC TIEU CUA LUAN AN
* Nghién ctru cac phuong phap giam kich thude khong gian di ligu.
= Xay dung hé théng nhan dang thdng minh dua trén co s& mang no-ron cai
tién c6 kha ning chan doan nhanh 6n dinh dong hé thdng dién véi do chinh

Xac cao.
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1.3 DPOI TUONG VA PHAM VI NGHIEN CUU

= Pbi twong nghién cau:

Nghién ctru quy trinh xay dung hé théng thong minh chan doan 6n dinh dong
hé théng tmg dung k¥ thuat khai phé& dit liéu va cong nghé thong minh nhan

tao vo1 do chinh xac cao.

Dénh gia hiéu qua cua phuong phap dé& xuét trén cac hé théng dién chuin
IEEE 39-bus.

= Pham vi nghién cuu:

Pé tai tap trung nghién ctu ng dung tinh toan théng minh, khai pha di liéu

VAo giai quyét vin dé chan doan nhanh 6n dinh dong hé théng dién do cac su cd

gay ra. Pham vi nghién cau tap trung vao cac van dé sau:

Nghién cttu giam khdng gian bién.
Nghién ctru giam khéng gian mau.

Nghién ctru cai tién mo hinh mang no-ron nham nang cao do chinh xac nhan

dang.

1.4 CACH TIEP CAN VA PHUONG PHAP NGHIEN CUU

Nghién ciru céc tai liéu, cac bai bao, cac sach vé chan doan on dinh hé thdng
dién.

Nghién ctru phuong phap chon bién hay giam khong gian bién.

Nghién ctru phuong phap giam khong gian mau.

Xay dung hé théng nhan dang théng minh dya trén co s& mang no-ron, khai
pha dir liéu.

Danh gid phuong phap dé xuét trén so do ludi dién chuan IEEE 39-bus.

Nghién ctru véi sy tro gitip ciia cac phan mém Matlab, PowerWorld.
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1.5 BIEM MOI CUA VE MAT KHOA HOC LUAN AN

- D& xuit quy trinh xay dung tap bién cho bai toan nhan dang 6n dinh dong hé
théng dién. Gigi thiéu va ap dung thanh céng hai giai thuat chon bién, SFFS
va FR, vao giam khéng gian bién mot cach hiéu qua. Két qua kiém tra trén so
d6 IEEE 39-bus, giai thuat SFFS cho két qua chon bién tot hon phuong phap

FR nho vao mé rong khong gian tim kiém cua né.

- Ap dung thanh cong giai thuat giam khong gian mau K-means lai (Hybrid K-
means — HK), cai tién tur giai thuat phan cum di liéu noi tiéng K-means, khai
pha dix liéu 6n dinh dong hé thong dién. Két qua kiém tra cho thiy giai thuat
HK d3 khic phuc duoc nhuge diém K-means, gilp nang cao chit luong phan
cum dir liéu, giam khong gian mau mat cach hiéu qua. Viéc giam khong gian
mau 1am cho mdi nhdm mau con c6 mot tim dai dién. Piéu nay c6 y nghia rat
quan trong 13 1am cho mo hinh khéng ting dung lwgng bd nhé luu trit mau
mai, linh hoat trong viéc cap nhat lam giau tri thirc méi, va gidp mé hinh nang

cao kha niang bao phu dit liéu, thich nghi véi mau méi rat cao.

- Pé xuat quy trinh xay dung hé théng nhan dang théng minh chan doan nhanh
on dinh dong hé théng dién dua trén co s mang no-ron, khai pha dir liéu.
Luan an da phat trién thanh cong md hinh mang no-ron song song cai tién cho
bai todn nhan dang 6n dinh dong hé thong dién. M6 hinh dé xuat dat dugc muc
tiéu quan trong 13 nang cao do chinh xac phan 16p. Vi cach tiép can trinh bay
trong luan &n, cac khau thuc hién da duoc quy trinh hoa, diéu nay gitp mé
hinh nhan dang hoan toan c6 thé mo rong cho cac truong hop nhiéu 1é6n khac

nhau.

- Bai toan nhan dang trong dé tai cd thé tong hop cho bai toan diéu khién 6n

dinh hé thong dién chang han nhu diéu khién sa thai phu tai.

1.6 Y NGHIA THUC TIEN CUA LUAN AN
- Xay dung céch tiép can nhan dang nhanh trang thai 6n dinh dong hé théng
dién khi c¢6 sy ¢6 ngdn mach nghiém trong xay ra chi dua trén cac bién dau

vao 1a do thay ddi céng suat tac dung tai, do thay doi céng suat tac dung trén

3
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cac nhanh, va do sut dién &p tai cac nat. Két qua kiém tra cho do chinh xéc
nhan dang cao vé trang thai 6n dinh hé théng dién ma khéng can giai hé

phuong trinh vi phan nhu phuong phap truyén thong.

- Hé théng nhan dang thong minh duoc xay dung ¢ thé duoc sir dung nhu cong
cu trg gilp cac diéu d6 vién dé ra chién luge diéu khién trong nhitng tinh
hudng khan cip, va huan luyén cac diéu do vién hé thdng dién xu Iy cac tinh

hudng dua trén céc kich ban su cd.

- Viéc giam khong gian bién c6 y nghia rat 16n trong viéc giam chi phi thiét bi
do luong cam bién, don gian héa so d6 dau ndi, va gilp hé théng ting toc do
xu ly. Viéc giam khong gian mau c6 ¥ nghia quan trong trong viéc tiét kiém
bo nhé luu trit mau, giam chi phi thu thap dit liéu, va gitp mo hinh dé dang

cap nhat dur liéu.

1.7 BO CUC CUA LUAN AN

Bé cuc caa luan an bao gdm 7 chuong:

Chuong 1. M¢ dau

Chuong 2. Tong quan tinh hinh nghién ciru danh gia 6n dinh hé thong dién
Chuong 3. Céng nghé tinh toan théng minh

Chuong 4. Lva chon théng sé dic trung

Chuong 5. Xay dung hé théng nhan dang théng minh trong chan doan nhanh 6n
dinh dong h¢ thong dién

Chuong 6. Ung dung mé hinh Noron cai tién chan doan 6n dinh dong hé thdng
dién IEEE 39-bus

Chuong 7. Két luan
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Chuong 2. TONG QUAN VE TINH HINH NGHIEN CUU
PANH GIA ON PINH HE THONG PIEN

2.1 TONG QUAN

Hé théng dién van hanh luén dbi mit voi cac treong hop bat thuong va gay
hai nghiém trong dén 6n dinh hé thong dién. Xt 1y qua trinh quéa d6 trong hé thdng
dién c6 mot gia tri rat quan trong dé nang cao do tin cay va tinh 6n dinh ché do
van hanh hé théng dién. Cac phuong phép truyén théng to ra kém hiéu qua trong
déanh gi4 on dinh qua d6 dao dong 16n do su ¢d gay ra. Trong khi, ché d6 qua do
dao dong 16n do su cb giy ra can phai xt 1y nhanh thi con co hoi diéu khién dua
hé théng tré vé trang thai 6n dinh. Ung dung mang than kinh nhan tao 1a hudng
nghién cau hién dai, c6 kha ning giai quyét bai toan rat phirc tap trong phan tich
danh gia 6n dinh dong hé thong dién.

2.2 ON DINH DONG HE THONG DIEN
2.2.1 Cac ché d6 lam viéc hé thong dién

Trang thai canh béo J Pidu khién

ngan chan

Mat dién (mot phﬁn ' AL A Piéu khién
hodc toan b) _[ Trang thai khan cap } khan cip

__________

____________________________

Hinh 2.1 Trang thai cic diém van hanh cta hé thong dién
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Céc ché d6 lam viéc cua hé thdng dién duoc chia 1am 2 loai chinh: ché d6
xac 1ap va ché do qua do. Hinh 2.1 trinh by qua trinh thay do6i cac trang thai van
hanh cua hé théng dién.

2.2.2 On dinh hé théng dién
On dinh dong 1a kha ning cia hé thong sau nhimng kich dong 16n phuc hoi

dugc trang thai van hanh cho phép ban dau hodc gan trang thai van hanh cho phép

ban dau. Phan loai 6n dinh hé thong dién nhu Hinh 2.2.

On dinh hé thng dién
On dinh goc rotor On dinh tan sb On dinh dién ap

[ |
On dinh goc On dinh On dinh dién On dinh dién
rotor su ¢d nho qua do ap su ¢ nho ap su ¢b 1on

| | [ [
[ | |
Ngan han Nganhan || Dai han Ngin han Dai han

Hinh 2.2 Phan loai 6n dinh hé théng dién theo IEEE/CIGRE
2.3 CAC PHUONG PHAP PHAN TICH ON PINH PONG HE THONG DIEN

Phan tich 6n dinh dong hé théng dién l1a xem xét kha nang hé théng dién
chuyén sang lam viéc 6n dinh & trang thai xac 1ap méi sau dao dong 16n. Cac dao
dong 16n gdy ra mat cin bang cong suit co dau vao va cong suit dién ra ctia may
phat. Khi do, 1am cho r6-t0 cac may phat dao dong véi may phat khac va gay pha
v& 6n dinh hé thong dién. Trong phan nay phan tich uvu nhugc diém bén phuong
phap khao sat 6n dinh dong hé théng dién: phuong phap dién tich, phuong phap
tryc tiép, phuong phap tich phan sd, va phuong phdp méd phong theo mién thoi

gian.
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2.3.1 Phuong phép tich phan sb

Phuong phép tich phan s, Euler va Runge-Kutta, cho két qua kha chinh x4c.
Tuy nhién, trong phuong phap tich phan sd can cha ¥ van dé sai s tich luy trong
cac budc giai.
2.3.2 Phuong phép truc tiép

Phuong phap truc tiép hay phuong phap ning lwong tinh toan on dinh hé

théng dién c6 wu diém 1a bo qua khau giai hé phuong trinh vi phan nhung can

nhiéu tinh toan dé xac dinh chi s6 6n dinh qué do.

2.3.3 Phuong phap dién tich
Phuong phap dién tich bd qua khau giai hé phuong trinh vi phan. Gidi han
ctia phuong phap: Poi véi HTD 16n do ¢6 nhiéu may phat twong tac phic tap trén
hé thong thi tiéu chuan dién tich s& khéng con phi hop.
2.3.4 Phuong phap mo phong theo mién thoi gian
Phuong phap mo phong mién thoi gian cho két quéa chinh x4c, nhung tré ngay

16n nhét ctia phuong phap nay 1a van dé thoi gian giai.

2.4 CAC NGHIEN CUU KHOA HQC LIEN QUAN

Céac qua d6 dao dong 16n do su cb giy ra mit 6n dinh can phat hién nhanh
gitp dua ra quyét dinh diéu khién khan cdp nham tranh hién twong tan rd ludi
dién. Tuy nhién, do tinh phtc tap cia HTP cho nén trong ché d6 diéu khién khan
cap viéc tinh toan gip kho khin vé& mit thoi gian, sy cham tré ra quyét dinh dan
dén mat 6n dinh HTD.

Céc phuong phap truyén thong khong dap wng yéu cau veé thai gian trong ché
d6 diéu khién khan cip. Trong trudng hop yéu cau tinh toan nhanh thi mang no-
ron nhan tao cung cap giai quyét van dé mot cach hiéu qua, nhanh, va chinh xac
cho bai toan phi tuyén cao. Trong nhitng nim gan day, nhiéu nghién ctru Gmg dung
mang no-ron nhan tao dé xay dung hé théng thong minh chan doan 6n dinh HTD.

Viéc chan doan truc tiép ché d6 6n dinh HTD duoc xac dinh nhd vao khau hoc
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quan hé vao ra thich hop theo nhirng thong sé vé ché do binh thuong va su cb, ma

khong can giai hé phuong trinh vi phan mé ta hé théng.

Trong nghién cru on dinh quéa do co hai van dé quan trong can quan tam la
danh gia on dinh va chan doan 6n dinh. Trong chan doan 6n dinh HTD thi cau hoi
mau chét can tra 101 14 sau dao dong qua do két qua chan doan HTD “6n dinh’ hay
‘khong 6n dinh’. Trong do, bién su c6 1a bién chira thdng tin trang thai sy ¢ cua
HTPD nhu do sut dién ap tai cac nit, d thay d6i cong suat trén cac nhanh, do thay
d6i cong suat cac tai, do thay doi cong sudt cac may phat, do thay d6i cac goc
phat,... Hé théng nhan dang théng minh can thong tin dic trung quan trong lam di
liéu dau vao, viéc giam khéng gian dix liéu dau vao gildp cho hé théng xir ly di

liéu mot cach nhanh, giam chi phi.

Van dé nhan dang 6n dinh qua do HTD ddi mat véi van dé dir lidu phtc tap.
Vian d¢ dat ra 1a chon nhitng mau dai dién cho khéng gian mau nham giam ganh
nang thu thap dit liéu, tiét kiém chi phi. Trong nhitng nim gan day rat nhiéu nhom
nghién ciru tap trung vao huéng nghién ciru tng dung mang no-ron nhan tao chan
doan 6n dinh HTD. C4c cong trinh ¢ng b lién quan dén nhan dang 6n dinh HTD
da chi ra cong ngh¢ tinh toan théng minh nhan tao cho kha nang tinh toan nhanh,
chinh xac, va kha niang khai ph4 tiém ning thong tin hitu ich dbi véi dir liéu phuc
tap. Tuy nhién, cac cong trinh chi dé cap vao van dé chon bién ma chua dé cap dén

van dé giam khong gian mau.

V& van dé bo phan 16p, qua khao ctru cac cong trinh da cong bd thi mo hinh
gdém c6 hai dang: Thir nhat, pho bién, 1a mé hinh don v&i bo chan doan don hay
mod hinh gdm mét mang no-ron. Thir hai 14 mo hinh song song véi bo chin doan
gdém cac mang no-ron con song song. Tuy nhién, vé md hinh song song cac tac gia
dé xuat mdi mod hinh con lam nhiém vu chan doan véi mot dang su cd co thé gay
mét 6n dinh gém mot trong cac dang su ¢b nhu ba pha, mdt pha cham dat, hai pha,
hai pha cham d4t. M6 hinh chi phd hop cho giam sat mét s6 it duong day, bus. Vi

vay, nghién ctru dé xuét xay dung mo hinh nhan dang thdng minh dua trén co sé
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mang no-ron céi tién chan doan nhanh 6n dinh dong hé théng dién nham nang cao

d6 chinh xac 1a diéu can thiét.

2.5 TOM TAT CHUONG 2

Dua trén nhirng phan tich ché do qua d6 on dinh trong HTD, tac gia da chi ra
ba van dé can giai quyét khi xay dung hé théng thdng minh nhan tao chan doan 6n
dinh dong HTD gém: lya chon tap bién hay giam khdng gian bién, giam khéng
gian mau, va cai tién mé hinh mang no-ron dé nang cao do chinh xac nhan dang.
Cac noi dung nay trinh bay ¢ cac chuong 4, 5 va kiém tra két qua nghién cau &

chuong 6.
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Chuong 3. CONG NGHE TINH TOAN THONG MINH

31 MANG NORON NHAN TAO
3.1.1 Gidi thiéu vé mang noron nhéan tao

Mo hinh ctia mét dang noron sinh hoc dugc mo ta trén hinh 3.1. Cau truc
chung ctia mét no-ron sinh hoc gdm c6 ba phan chinh 1a: than, cay va truc.

Pau vao

Hinh 3.1 M0 hinh noron sinh hoc
3.1.2 MO0 hinh noron nhan tao

3.1.2.1 Cdu tric mé hinh mét noron nhan tao

Hinh 3.2 trinh bay mé hinh noron véi n phan tir ngd vao, mdi ngd vao duoc
két nbi véi trong sb w. Tong ngd vao duoc trong hoéa véi ngudng dua téi ngd ra
qua ham chuyén d6i f.

X1

Hinh 3.2 M6 hinh mot noron nhan tao

3.1.2.2 Cadu triic mé hinh mang No-ron nhdn tao nhiéu 16p

Mang no-ron nhiéu Iép gom mot Iép dau vao, 16p an va mot 16p dau ra.

Input Hidden Output
layer layer layer

Output

Hinh 3.3 Cau trdc md hinh mang no-ron nhan tao nhiéu Iop
3.1.3 Cac qui tac hoc
Co6 hai ki€u hoc 1a hoc thong s6 va hoc cau trac. Co6 ba qui tac hoc la hoc

giam sét, hoc cting ¢d, hoc khong giam sat.

10
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3.1.4 Mang Perceptron nhiéu 16p
Mang gom cé mot 16p ngd vao, mdt hodc nhi€u 16p an va mot 16p ngo ra.

3.1.5 Mang noron Generalized Regression Neural Network (GRNN)
Mang GRNN c¢6 cau truc gom 16p vao, 16p mau (16p an), 16p tong, va 16p

ra, Hinh 3.4.

Input layer Hidden layer

Hinh 3.4 So d6 c4u triic mang no-ron GRNN
3.2 BO PHAN LOP K-NEAREST NEIGHBOR

Thuat toan K-Nearest Neighbor (K-NN) tim ra cac lang giéng gan nhat cia
mau hoc va quy vé cic nhan 16p cia ching dya trén cac nhin da sb, diéu d6 co

nghia 14 cic mau dugc quy vé cung 16p khi ching 14 1an can cta nhau.
3.3 BO PHAN LOP MAY VECTOR HO TRO

Thuat toan bd phan I6p may vector hd trg (Support Vecotor Machine —
SVM) 1a bo phan 16p mau dya trén phuong phap tiép can ly thuyét hoc thong ké
do Vanipk va Chervonenkis dé nghi. SVM nham cuc tiéu héa d6 phan 16p sai voi
mot doi twong dir liéu moi thdng qua cuc dai hoa bién gitra siéu phang phan cach
va dir liu. Y tudng co ban cua cdc SVM la xay dung mot siéu phing nhu 1a mot
mat phang quyét dinh. Mat phang nay tach biét 16p duong (+1) va 16p am (-1) véi
bién 16n nhét.

3.4 TOM TAT CHUONG 3
Téc gia da nghién ciru va trinh bay Iy thuyét co s cua cac bo phan 16p gom:

B6 phan 16p mang perceptron nhiéu I6p (MLP), Bo phan 16p mang hdi quy tong
quat (GRNN), Bo phan I6p K-NN, B6 phan 16p may vec-to hd tro (SVM).

11
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Chuong 4. LUA CHON THONG SO PAC TRUNG CHO HE THONG NHAN
DANG THONG MINH TRONG CHAN POAN ON PINH PONG HTD

Trong bai toan chan dodn o6n n bién

dinh dong HTD trén co s& cong nghé f : )

tinh toan théng minh, trang thai HTD M M2 e My
dugc biéu hién bang vec-to x{Xii}, N mau T A2 Yo
i=[1,N], j =[1,n], c6 n chiéu tron

[ lJ =L & Tl w2 X N

khéng gian quan sat R".
41 XAY DUNG TAP MAU

X4y dung hé thong nhan dang bat dau bang viéc xac dinh tdp miu mang
tinh dac trung thé hién trang thai ché do HTPD. Trang thai on dinh va khong on
dinh duoc danh gia qua ting su c6 dé tri thirc vé 6n dinh qua do cia HTD bao quét

cac dang su co.

4.2 LUA CHON TAP BIEN
Bién du vao 13 vec-to chta thong s trang thai HTP. Bién dau ra dai dién

cho trang thai 6n dinh dong HTD. Hai k¥ thuat chon bién 1a k¥ thuat loc (Filter) va
ky thuat chon bién bao goi (Wrapper), Hinh 4.1 va 4.2.

Tap bién Tap bién Tap bién Tap bién
ban dau . dwoc chon ban dau - dwoc chon
—_— Phuong phap tim kiecm EEE— —_— Phuong phap tim kiém —

3 Tap bién\ ‘ AccRate(%) Tap bién\
Ham dénh gia
am danh gia B nhéan dang

Hinh 4.1 K§ thuat chon bién Filter.

Hinh 4.2 K§ thuét chon bién Wrapper.
4.2.1 Tiéu chuan chon bién
4.2.1.1 Tiéu chuan Fisher

Céc bién c6 gia tri F 16n hon thi kha ning ‘m - ‘2
, v A ~ 1o n e~ y 1°-"2
tach biét dir 1i€u gitra 2 16p cao hon. Fw) = 55— (3.1)
01 *0p

Trong d6: m; 1a gia tri trung binh dit liéu cua 16p C; va o 1a phuong sai cia dit

liéu cua lop C;.

12
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4.2.1.2 Tiéu chuan Divergence

Trong d6: t, 1a tong duong cheo cua ma D---l [(C- -C-)(C'-l-C-'l)J
tran va bang gia tri tong cac gia tri rieng U 2 )
cua ma tran; C; Cj la ma tran hi¢p phuong N 1t [ (

sai; m;_m; Vector trung binh cua 16p i,j; r
(mi-m;)" 1a hoan vi ctia (m;-m;). Dj; cang

16n 13 thi dit liéu hai 10p cang phan tan.

(3.2)
C]1+C;1)(m| - ml)(ml - mJ)T}

4.2.1.3 Tiéu chudn Scatter Matrix (SM)

Gia tri J 16n hon thi cac 16p cang tach bidt. J=tr{Sy, 'S} (3.3)
Sw la nhém trong va S, ma tran hiép

phuong sai ciia toan bo mau.

4.2.2 Céac giai thuat tim kiém tap bién
4.2.2.1 Giai thudt Sequential Forward Floating Selection (SFFS):

Giai thuat tim kiém SFFS bat dau tim kiém véi tap bién rdng va ap dung
chién luoc tién thém tirng bién mot dé tao tap bién. Trong mdi budc tién giai thuat
két hop chién lugc tim 10i thdo bo ting bién mot dé 10i lai vi tri tap bién c6 ham
muc tiéu tét hon. Qua trinh tim kiém dung khi sé bién dat gia tri d mong mudn.
4.2.2.2 Gidi thudt xép hang bién (FR-Feature Ranking):

Pay 1a phuong phap don gian, ton it thoi gian tinh toan. Bang cach tinh gia
tri muc tiéu tach biét dir liéu tirng bién don va sap xép gia tri nay tir 16n dén nho va
s6 bién d duoc chon theo mong muén wu tién cho gia tri ham muc tiéu tir 16n dén

nho.

43 TOM TAT CHUONG 4

Chuong nay gidi thidu cac tiéu chuan chon bién, giai thuat chon bién SFFS

va FR. Két qua nghién ctru ap dung trinh bay cu thé & chuong 6.

13
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Chuong 5.PHUONG PHAP XAY DUNG HE THONG NHAN DANG
THONG MINH CHAN POAN ON PINH PONG HE THONG DIEN

5.1 GIOI THIEU
Cac khau goém: xay

dung tdp mau dién hinh,

Panh
e o Trich / sia
lva chon bién ddc trung, xudt
P Ay oooe 1 s ; ‘s Cron |7 LA
trich xuat tri thure, danh gia bién
. . x g Sy b lenme
két qua, va bi€u dién ket tap

qua.

Biéu
dién

két
qua

Hinh 5.1 Cac khau co ban cta qua trinh xay dung hé

52 XAY DUNG TAP MAU

Quy trinh nhu Hinh 5.2.

thong nhan dang.

| Xay dung so d6 hé théng dién |

!

| Xac dinh cac ché dé van hanh |

!

Xac dinh cac vi tri su ¢b |

| Xac dinh vang quan sat |

| M6 phéng ché dé én dinh qua do |

N
5ij <180°

Y

| M3au ché d6 6n dinh

!

5, <1800 ——>

Y
| M3Au ché @6 khéng én dinh |

| Tap mau ché dé én dinh va khéng én dinh |

!

Chuan hoa dir lieu |

Hinh 5.2 Quy trinh xay dung tap mau

14
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5.3 NGHIEN CUU BE XUAT QUY TRINH CHON BIEN BAC TRUNG

Tir nhitng phén tich trén Nghién ctru sinh dé nghi quy trinh chon bién két hop
k¥ thuat Filter va Wrapper (F&W) theo quy trinh nhu Hinh 5.3 gom 5 buéc: Xay
dung tap bién ban diu, Tim kiém tip bién ng vién, Huin luyén, Panh gia,

Chon tap bién.

e Budc 1. Xay dung tip bién ban dau
Bién dau vao: {delVy, delP g, delPson}, Bién dau ra: {1} 1a “6n dinh’, {0} 1a
‘khéng on dinh’.

e Budec 2. Tim kiém tap bién vng vién

e Buwéc 3. Huin luyén: day 1a buéc hoc quan hé vao ra.

e Budc 4. Panh gia:

Do chinh xac tong thé phan 16p duogc tinh (5.1)

AccRate(%) — n—l\; 100
theo cong thure (5.1). Trong do: n, 1a s6 mau
phan 16p dung. N 13 tong s6 mau huan luyén.

e Buéc 5. Chon tap bién

( Bat dau )

Y

Xay dung tap bién ban diu

Filter

A 4

Tim céc tap bién tng vién
Huén luyén
Panh gia
7

Chon tap bién

'Hinh 5.3 Quy trinh chon bién dic trung F&W
5.4 TRICH XUAT TRI THUC

Wrapper

-~ — — — — —+— — — — —>

Trich xudt tri thirc 13 x4y dung bd phan 16p hoc tri thirc quan hé vao-ra.

15
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55 DANH GIA
Dénh gia d0 chinh xac dya trén ma-tran 1an 16n nhu bang 5.1.

Bang 5.1 Céc chi s6 do do danh gia bo phan 16p dua vao ma tran 1an 1on

Do chinh x4c tong thé AccRate=(TP+TN)/(TP+FN+FP+TN)
B¢ chinh xac Pre=TP/(TP+FP)

D0 hoi tuong Rec=TP/(TP+FN)

F-Score F-Score=2 x Pre x Rec/(Pre+Rec)

5.6 BIEU DIEN KET QUA

Bo phan 16p sau khi huan luyén B
xong dugc xem 1a mot ham quyét dinh, L] - ‘
khi nhan tin hiéu dau vao thi ham quyét | ‘
dinh nay tinh toan gia tri du ra. Gia tri
dau ra 1a chi s6 on dinh twong dbi. Ex ;

Trong Hinh 5.4 thé hién man hinh giam : o B
sat gom c6 5 khau. Hinh 5.4 Man hinh biéu di&n trang thai

6n dinh hé théng dién

Hinh 5.4 1a minh hoa cho trudng hop két qua chan doan HTD 1a 6n dinh. Chi

s6 6n dinh twong d6i SI =1 va chi s6 khéng on dinh tuong d6i Ul =0.

= Khdu hién thi chi sé 6n dinh SI va UI: khau nay cho biét chi s6 SI va Ul dugc
tinh todn trong pha van hanh hay pha nhan dang.

»  Khdu thé hién trang thdi hé tho”'ng dién: Két qua duoc chan doan gff)m co ba
ché d6 1a: ché do “on dinh’, ché dong ‘khong 6n dinh’, va ché d6 ‘canh bao’.

= Khdu thé hién hanh ddng hoat dong: Khau nay chi thi canh bao diéu khién.
Trong truong hop két qua nhan dang 13 “6n dinh’ thi ché do canh bao dit & ché
d6 ‘binh thuong’. Trong truong hop két qua nhan dang 14 ‘mét 6n dinh’ thi ché
d6 canh bao dit & ché d6 ‘diéu khién khan cip’.

= Khdu cika s6 man hinh: Khau nay thé hién chi sé 6n dinh cua hé thong dién.
Thanh mau xanh thé hién cho chi s6 én dinh (SI) va thanh mau do thé hién cho

chi s6 khong 6n dinh (UI).

16
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= NGt RUN va nt CLOSE: Man hinh thiét ké nat RUN dé khi chon thi chuong
trinh duge dua vao ché dong hoat dong va chon nut CLOSE dé durng chuong
trinh.

5.7 NGHIEN CUU BE XUAT QUY TRiNH GIAM KHONG GIAN MAU

Giai thuat Hybrid K-means (HK) duoc dé xuat ap dung dé khac phuc han ché
hoi tu dia phuongcia giai thudt KM nho phuong phap khoang cach Max-Min
(MMD) khéi tao tAm ban dau.

5.7.1 D& xuit quy trinh giam khong gian mau
Quy trinh dé nghi gdm 5 budc: Chuan bi bd mau ban dau, Xay dung céc tap
mau con, Tim céc tip con Ung vién, Huén luyén, Banh gia chon két qua, Hinh 5.5.

Chuén bj Xay dyng cac Tim tp bién ,
tip miu tip mau con {mg vién Huan luyén Dénh gia
4>

D(S) M Phéancum
Huén A A
D(SV) < } CLS\Y) | | o P Danhgia [ Kétqua

luyén
A

D(U) | Phancum

Hinh 5.5 Quy trinh giam khong gian dit liéu
Buéc 1. Chuan bi b miu ban dau.
Budre 2. Xay dung cac tap miu con. Budc nay nham tao cac tdp mau con rat gon
ung vién. Tap mau sau rut gon la CL(Sg;,Uri).
Budc 3. Tim klem cac b miu con trng vién. Budc nay ap dung ‘Phuong Phdp

Tim Kiém Tuan Tw-Sequential Search Method (SSM)’ nhim xac dinh s6 mau rat
gon phu hop Sg;va Ugj, CL(Sgi,Ugj) nho danh giad d6 chinh xac tir by phan 16p.

Budéc 4. Huén luyén. Cac bo dir liéu con da két hop & bude 3, CL(SR,,URJ) dugc st
dung 1am cac tap hoc. Tap mau nguyén thiry, D(S,U), duoc sir dung lam tap kiém
tra. Bo phan 16p 1-NN duoc dé nghi ap dung nho vao tinh don gian va nhanh.

Budéc 5. Panh gia. Do chinh xac phan 16p tong thé dugc tinh theo cong thirc (5.1)

va chon cum mau dat d6 chinh xac phéan 16p cao nhit trong ving khao sat.
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5.8 NGHIEN CUU PE XUAT MO HINH BO PHAN LOP CAI TIEN NANG
CAO PO CHINH XAC NHAN DANG (ADVANCED PARALLEL
CLASSIFIER MODEL-APCM)

5.8.1 Xay dung mo hinh phan 16p lai dwa vao ning lugng mau

Dit liéu 6n dinh d6ng HTD 1a phuc tap. Diéu nay dan dén bo phan 16p don
gap kho khan khi hoc bién giira cac 16p. Téac gia dia dé nghi st dung ning luong
mau dé tach bo dit liéu ban dau thanh cac nhém dir liéu con. Mdi bd phan 16p con
chi hoc bién gitra cac 16p caa riéng cdc nhdm dir liéu con cho nén viéc hoc don
gian hon. Xay dung md hinh HCM gom 4 buéc: Lua chon bién, Tach di liéu,

Huan luyén, Panh gia, Hinh 5.6.

Dir liéu —» Luachonbién —# Tachdirliédu —® Huin luyén — Danh gia —» Két qua

Hinh 5.6 Quy trinh xay dung m6 hinh HCM theo ning luong mau

= Lua chon bién: phuwong phap xép hang bién (FR) va giai thuat SFFS duoc &p
dung dé chon bién. Két qua chon bién da trinh bay trong bai bao di cong bd va
¢ chuong 6.

= Tach dit liéu: Mau dugc tach ra dua vao ning luong cia mau theo (5.2).

E =x2+X5+..+X] (5.2)

Cac mau c6 mirc niang lwong gan nhau s& dugc gom cliing mot cum.

= Huén luyén: Pay 1a qu4 trinh hoc quan hé vao ra.

= Panh gia: P chinh xé4c tong thé phan 16p duoc tinh theo cong thirc (5.1).

5.8.2 M6 hinh HCM dé nghi
Mb hinh HCM d nghi nhu Hinh HYBRID CLASSIFIER

Classifier;

5.7 gom: Pau vao, Bo phan

[INPUT]—»(DISTRIBUTOR OUTPUT )

phdi, Bo phan 16p lai, va Pau ra.

Classifierp,

Hinh 5.7 M6 hinh HCM dé nghi

»  Piu vao: Pau vao co vec-to véi bién duoc lva chon & budc chon bién.
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= B§ phan phéi: Mot hinh da duoc thiét ké thi nang lwong caa mot mau cua mot
cum con nam trong khoang gi4 tri tir o, dén ag, p=[1,1], g=[2,h]. Dua theo luat
(5.3), Bo phan phéi s& gui mau kiém tra dén dung Bo phan 16p con.

= B phan I6p lai (Hybrid Classifier): B phan 16p lai gom cac Bo phan 16p con
song song, bai bao (I1) tac gia 4p dung mang GRNN dé xay dung cac Bo phan

I6p con.

Néu Ee[oy ay) thi x;eClassifier,

Néu Ee[o,as) thi x;eClassifier, (5.3)

Néu Ee[oy o] thi x;eClassifier,,
.

= Piu ra: Pau ra duoc gan nhan nhi phan cho bai toan phan 16p. Gia tri dau ra
cua cac bd phan 16p duoc tinh toan nhu luat (5.6).
Bai b4o (1) dé xuét chia déu khoang gia tri nang luong mau theo sé nhém can

tach ra cho nén két qua van chua t6i wu.

583 Y tudng xay dung moé hinh APCM duya vao ky thuat phan cum dir li¢u

Dir liéu dai dién ché d6 6n dinh dong HTD phurc tap lam bo phéan 16p don gip
kho khin khi hoc bién giira cac 16p. Pé giai quyét van dé nay, Luan 4n dé nghi mo
hinh bo phan 16p cai tién ing dung mang no-ron (APCM&NN) chin doan 6n dinh
dong HTD nham nang cao d6 chinh xac phan 16p. M6 hinh gdm cac mang no-ron
con két ndi song song dua trén k¥ thuat phan cum dir li¢u. K¥ thuat phan cum di
liéu dugc 4p dung nham tach dir liéu thanh cac tap con. Giai thuat HK dugc ap
dung dé tach dit liéu huan luyén thanh cac tap con. Nhu vay, mdi bo phan 16p con
chi hoc bién gitra cac 16p cua tap dir li€u con riéng cho nén viéc hoc tré nén don

gian. Minh hoa cu thé cho trudng hgp nay nhu Hinh 5.8. Trong do:

= Hinh 5.8a thé hién tap dit liéu ban dau 13 toan bd tap dit licu, ky hiéu (-) cho
16p U va (+) cho 16p S.
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= Hinh 5.8b tach b6 dit liéu ban dau thanh hai tip con, (*) ky hiéu cho tdm cua
cac tap con.

= Hinh 5.8¢ thé hién ranh gi6i ctia hai 10p cta toan b tap dit liéu, 13 dudng cong
gap khuc.

= Hinh 5.8d so sanh v¢i hinh 5.8¢ thi mdi tap dir liéu con co6 ranh giéi v&i do
gap khiuc gidm di rat nhiéu cho nén moéi bd nhan dang con s€ hoc vdi bién
phan cach don gian hon, nén két qua d6 chinh xac nhan dang sé nang cao.

+
+: Class S + - + +: Class S
oy [Tp 0T !
R
.- Clustery Clusters
Hinh 5.8a Hinh 5.8b

Cluster; Cluster,

Hinh 5.8¢c Hinh 5.8d

Hinh 5.8 Minh hoa y twdng xay dung m6 hinh APCM
5.8.3.1 Quy trinh xdy dung mé hinh APCM

Quy trinh xay dyng m6 hinh gom 5 budc: Chon bién, Giam khong gian miu,
Tach miu, Panh gia, Hinh 5.9. Trong d6 khau chon bién va giam khong gian

bién di dugc trinh bay nhu phan trén.

Dit liéu .4 Gidm khong X TSP P I
ban dan — Chon bién T gian iy — Tichmiu |— Huan luyén = Danhgia ) Kétqua

Hinh 5.9 Quy trinh xay dung md hinh mang No-ron cai tién
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e Khau tach miu: Ap dung giai thuat HK dé tach dir liéu dau vao thanh céc tap
con. M6i Bo phan 16p con hoc véi dir liéu cuia ting tip con riéng, va nhu vay
mdi B phan 16p con ¢ thong sé khac nhau do duwoc hudn luyén doc lap. Dix
lidu kiém tra 13 dir liéu ban dau, dir liéu chua giam khong gian mau.

e Khau danh gia: Day 1a khau danh gid do chinh xac nhan dang dé chon s6 bo
phan 16p.

5.8.3.2 Van hanh mo hinh

Ludn 4n dé nghi md hinh

APCM nhu Hinh 5.10, gom 4

Classifer;

<>

Output

bd phan: B tinh toan khoang loputd  Distant | J

Calculator
cach, BO phan phoi, B nhan

dang, B chon ngo ra. [ Clasifern |

Hinh 5.10 M6 hinh APCM d& nghi

TOo—HoOomrmn

I;UO—!CW—;U—!U’—UI

= B{ tinh toan khodng cach (Distant Calculator): Trong qua trinh thiét ké mo
hinh thi tAm cta cac cum con, thuc thi & khau tich mau, duoc luu trir 1a
CCri(Cry), k=[1,m]. Mau méi bat ky xjdua vao mo hinh trudc tién phai qua bo
tinh khoang cach. Bo tinh toan khoang cach tinh khodng cach Euclide, tur x;
dén cac tim CCrk(Cry). Gia tri khoang cach nhd nhat dén tam cta tap con nao
thi mau x; s& dugc gan nhan thudc bo phan 16p con twong tng theo luat:
d(Xi, CCri(Cr))= min (5.0
Néu {d(Xi,(CCrx(Cri))}=min thi X;e Cluster, and lebelled X; is °k’, k=[1,m]
= Bj phin phdi miu (Distributor): Bo phan phdi ¢ nhiém vy phan phdi mau
kiém tra dén bo phan 16p cta no theo luat:

Néu lebelled X; is ‘k’, k=[1,m] thi X; e Classifier, (5.5).

= B nhan dang (Classifier): Bo nhan dang gdm cic Bo phan 16p con két nbi
song song. Cac bo phan 16p con nhan tin hiéu tir Bo phan phdi mau, tinh toan

va giri két qua dén Bo Iya chon ngo ra.
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Bo chon ngd ra (Selector): Nhin 16p cia mau duoc gan nhin sb nhi phan. Lép
6n dinh duoc gan nhén 1a 1 va 16p khong 6n dinh duoc gan nhan 13 0. Gia tri
dau ra cua cac bd phan 16p dugc tinh toan nhu luat:
{ Néu y<0.5 thi y=0; Néu y>0.5 thi y=1

; y A ; L (5.6)
Neéu y=1 thi ‘On dinh’; Néu y=0 thi ‘Mat 6n dinh’

59 TOM TAT CHUONG 5

v

Trong chuong nay tac gia trinh bay cac van dé gom:

Dé xuit quy trinh ldy miu, quy trinh chon bién, két qua nghién ctru di duoc
cong bd trong cac bai bao da cong bd va & chuong 6.

Vén dé giam khéng gian mau: Tac gia da nghién ctru va dé xuit quy trinh
giam khong gian mau cho bai toan nhan dang 6n dinh dong hé thong dién. Két
qua nghién ctru dugc céng bd & bai bao (I) va chuong 6.

Trong khau biéu dién két qua phéan 16p tac gia dd gidi thiéu cong cu truc quan
hién thi trang thai 6n dinh dong hé thong dién. Két qua nghién ctru dugc cong
bb ¢ bai bao (I1I)

Van dé xay dung mo6 hinh mang no-ron song song cai tién cho bai toan nhan
dang 6n dinh dong hé théng dién: Ludn an di nghién ctru phat hién va dé xuat
dugc phuong phap dé phan chia dit liéu thanh cac tdp con 1am co so xdy dung
mo hinh mang no-ron song song. Phuong phap tach tap dir liéu thanh cac tap
con dya vao ning luong miu duge cong bd & bai bao (11). Phuong phap dé
xuét giai quyét dugc muyc tiéu quan trong nhat cho mé hinh nhan dang 6n dinh
dong HTP 1a nang cao do chinh xac phan 16p. Y tudng tach tip mau thanh cac
tap con gan nhau thanh cing nhém dya vao giai thuat phan cum dir liéu dugc

trinh bay ¢ chuong 6.
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Chuong 6. UNG DUNG MO HINH APCM CHAN POAN NHANH ON PINH
PONG HE THONG PIEN IEEE 39-BUS

6.1 Glgﬁl THIEU SO PO HE THONG PIEN CHUAN IEEE 39-BUS
So do hé thong dién IEEE 39 bus duoc trinh bay ¢ Hinh 6.1.

2k
Bus 26 Bus 2B Bus 29
Bus 3B ?

A Hinh 6.1 So d6 h¢ thong dién IEEE 39 bus
6.2 XAY DUNG TAP»MAU VA TAP BIEN BAN DAU
M6 phdng off-line dé thu thap dir liéu cho danh gia 6n dinh dong HTD vdi cac

muc tai tir (20,30,...,120)% tai co ban, thoi gian cit ngidn mach cai dat 1a 50ms.
Céc su ¢b dugc xem xét 1a ngén mach ba pha, mot pha cham dat, hai pha tai tat ca
cac thanh gop va doc cac duong ddy truyén tai véi mdi khoang cach 5% chiéu dai
duong day. Bién dau vao: x{delVyys, delPisq, delPsow}, 104 bién. Bién dau ra:
y{1,0}. {1 “on dinh’, ‘0’ ‘khong 6n dinh’}. Két qua mo phong c6 3551 miu vai
2649 mau 6n dinh (S) va 902 mau khéng 6n dinh (U), ky hiéu tap dir la
D(S,U)=D(2649,902).

6.3 CHON BIEN DAC TRUNG
Buéc 1. Tap bién ban diu:

Tong s bién dau vao 1a 104 bién, X. S6 bién dau ra 1a 1 bién, y{1,0}. Tap
mau D(S,U)=D(2649,902).

Budre 2. Tim kiém tip bién ng vién:
= Giai thuit ap dung chon bién: Hai giai thuat duoc gidi thiéu ap dung 1a FR
va giai thuat SFFS.

23



Tom tit

= Tiéu chuin ap dung chon bién:

Két qua tinh toan gia tri khoang cach (F) va
xép hang bién theo chuan Fisher dugc trinh
bay ¢ Hinh 6.2. Két qua tinh toan gia tri
khoang cach (D) va xép hang bién theo
chuin Divergence duogc trinh bay ¢ Hinh
6.3. Két qua tinh toan gia tri khoang cach
(Jsm) theo chuan SM bang giai thuat SFFS
trinh bay ¢ Hinh 6.4.

2.5

2

0 20 40 60 80 100 120
d (Feature)

Hinh 6.3 Xép hang bién, Divergence

= Budc 3. Huan luyén:

0.7

r r A
(0] 20 40 60 80 100 120
d (Feature)

Hinh 6.2 Xép hang bién, Fisher

13 14 15 16 17 18 19 20 21
d (Feature)

Hinh 6.4 Gia tri khoang Jsy SFFS

Bo phan 16p K-NN (1-NNC, K=1): 1-NNC. Tap mau: D(S,U)=D(2649,902).
Tap mau ban dau dugc chia ngau nhién thanh 10 tap con (kfold=10). Mdi tap con

hoc ¢6 2834 mau S va 812 mau U, mdi tap kiém tra c6 265 mau S va 90 mau U.

Két qua danh gid do chinh xac dugc tinh trung binh cta 10 lan thuc hién.

= Budéc 4. Panh gia: Két qua tinh

toan danh gia do chinh xac kiém 0.085 -
\ A . % 0.954

tra dugc trinh bay & do thi Hinh £ os

6.5. ol

............. S ———
f~ - T o
................ *
.
e O Qe
..... o g
e SFFS
-+--- Divergence
<+ Fishel
13 ’ 15 * 17 * 29 - >1

Feature (d)

Hinh 6.5 Panh gia chon tap bién

= Budc 5. Két qua chon tip bién diic trung:

Bing 6.1 trinh bay két qua danh gia kiém tra tai 15 bién dugc chon va 104 bién
ban dau, 1-NN, kfold=10. Téap bién dugc chon c6 15 bién, Bang 6.2.
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Bang 6.1 D¢ chinh x4c kiém tra

phan 16p 1-NN, d=15 va d=104, kfold=10

B0 phan 16p d(feature) AccRate(%)
104 95,60
1-NN 15 95,63
Bang 6.2 Cac bién duogc chon
STT Bién Ky hiéu
1 | delVgys Do léch dién ap Bus 2 X1
2 | delVgyso Do 1éch dién ap Bus 20 X2
3 | delVgyos Do 1éch dién ap Bus 25 X3
4 | delVgysao Do 1€ch dién &p Bus 30 X4
5 | delVgyss7 Do 1éch dién ap Bus 37 X5
6 | delPaq1s Do 1éch cong suat tac dung cia tai 15 X6
7 | delPyoad2s Do 1éch cong suat tac dung cia tai 23 X7
8 | delPypags1 Do 1éch cong suat tac dung cia tai 31 X8
9 | delPriow2-30 Do léch cong suat tac dung cta nhanh 2-30 X9
10 | delPgowio-32 Do 1éch cong suat tac dung cia tai 10-32 X10
11 | delPgowis-21 Do 1€ch cong suat tac dung cua tai 16-21 X11
12 | delPgiowie-33 Do léch cong suat tac dung cia tai 19-33 X12
13 | delPgiow20-34 Do 1éch cong suat tac dung cua tai 20-34 X13
14 | delPgiow26-29 Do 1éch cong suat tac dung cia tai 26-29 X14
15 | delPriowos.2s | PO 18ch cong suit tac dung cua tai 28-29 X15

6.4 GIAM KHONG GIAN MAU

Sau khi thyc hién xay dung bd mau va qua khau chon bién thi budc ké tiép 1a

giam khong gian mau.

Bude 1. Chuan bi tip miu ban diu: Tap mu bay gid' gom 15 bién nhu Bing
5.2, tap mau ki€m tra l1a tdp mau nguyén thuy D(S,U)=D(2649,902).

Buéc 2. Xay dung cac tip miu con:

» Giai thuat ap dung: K-means (KM) va giai thuat K-means lai (HK).

* Thuec hién: Thyc thi rat gon dit liéu trén tdp mau S va tip mau U dé hinh thanh
cac tdp mau con nhu Hinh 6.6. Hinh 6.7 va 6.8 trinh bay dac tinh hdi tu cua
gidi thuat KM va HK khi thyc thi phan cum giam khong gian mau.

Hinh 6.6 C4ac nhém mau cua tap S va tap U duoc rit gon
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9000

8000 —+— KM(S=900)

7000 —— HK(Sg=900)

6000
5000
4000 -
3000~
2000~

I e
1000

gl

r r r
0 5 10 15 20 25
Nint

30

Hinh 6.7 Dic tuyén hoi tu cua giai thuat

HK va KM tai Sg=900.

Buéc 3. Tim kiém céac tap
con wng vién: Hinh 6.9 trinh
bay va thé hién cac kha ning
két hop hinh thanh tip miu
rat gon CL(Sg;,Ug;).

3500

—4— KM(Ug=400)
3000

—w— HK(Ug=400) [|

2500 -

2000 -

1500 -

1000 [~

500 -

Nint

20

Hinh 6.8 Dic tuyén hoi tu cua giai

thuat HK va KM tai Ug=400.

Sr1

@ CL(SRr1,Ure)=CL(100,500)

Hinh 6.9 Cac kha niang két hop hinh thanh tap

Buéc 4. Huan luyén.

< B¢ phan 16p: 1-NNC

mau rut gon

Céc bo dit liéu con d3 két hop 6 budce 3, CL(Sgi,Ug;j), duoc sir dung lam cac

tap hoc. Tap mau nguyén thiy, D(S,U), duoc st dung lam tip kiém tra. Hinh

6.10 va Hinh 6.11 két qua danh gia d6 chinh xac kiém tra chon tdp mau con cé

d6 chinh x4c cao trong ving khao sat, két qua duoc trinh bay & Bang 6.3.
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094" T
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Hinh 6.10 Danh gia do chinh xac, rGt di ~ Hinh 6.11 Dénh gia d6 chinh xéc, rat
lidu vai giai thuat KM, 1-NNC dir liéu voi giai thuat HK, 1-NNC

Bang 6.3 Do chinh xac kiém tra phan 16p 1-NN vai khdng gian miu giam

Giai thuat Cum dir liéu AccRate(%)
KM CL(700,500) 93,6
HK CL(900,400) 98,0

Bang 6.3, V&i giai thuat KM thi c6 d6 chinh xac phéan 16p cao nhat trong ving
khao sat dat 93,6% tai cum dir li¢u CL(700,500), véi HK c6 d chinh xac phan 16p
dat 98% tai cum dir liéu CL(900,400). Véi két qua nay, tién hanh huan luyén voi
bd phan 16p MLPC, GRNNC, va SVMC.

% B¢ phan 16p mang noron MLP, GRNN va SVM:

e Bo phan lép MLP:
Mang neural perceptron (MLP) gom 3 16p 13 16p vao, 16p an va 16p ra. Trong do,
Bién dau vao c6 15 bién, 16p neural an dung ham kich hoat sigmoid va 16p ra dung
ham tuyén tinh purelin, s6 bién daura la 1. Cac thong s6 duoc cai dat cho toan bod
céc 1an huin luyén: Sai sb =le-5, s6 chu trinh huén luyén=1e3, giai thuat hoc va
cap nhat trong s6 Levenberg-Marquardt, cac thong sé khac chon theo gia tri mic
dinh.

e B0 phan l6p GRNN:

Hinh 6.12 trinh bay két qua thuc nghiém tim sb no-ron an, thé hién quan hé do

chinh xac phan 16p v6i s6 no-ron an (N;) c¢6 gia tri tir 10 no-ron dén 32 no-ron.
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GRNN co ban gbm 16p ngd vao, 1op an ham xuyén tam, lop téng va 1op ngd ra
tuyén tinh. Hinh 6.13 trinh bay két qua thuc nghiém tim hé s6 Spread.

N
°
©
©

e o
=) ©
T

AccRate(%)
)
S
AccR:

o
N

0 : I . c
010 12 14 16 18 20 v 22 24 26 28 30 32 ) 0.2 0.4 0.6 0.8 1.0
Ni Spread

Hinh 6.12 Thuc nghiém tim sb no-ron an Hinh 6.13 Thyuc nghiém tim hé s6 Spread

e B0 phanlop SVM:

Thuat toan SVM dugc hd trg trong phﬁn mém Matlab, & d6 viéc xay dung
mo hinh b phan 16p SVM qua tim kiém tap thong s6 (C,Ks) tot nhat sao cho bd
phan 16p cho két qua nhan dang trén tap kiém tra cao nhat. Céc gia tri ciia C va Ks
& C={exp(-5),exp(-4),....exp(5)} va Ks={exp(-5),exp(-4),....,exp(5)}. Bang 6.4,
két qua do chinh xac phan 16p voi tap dir liéu hudn luyén 1a CL(900,400). Pre,

Rec, va F-score trinh bay ¢ Bang 6.5.

Bang 6.4 BJ chinh xac phan 16p vd1 MLPC, GRNNC va SVMC

MLPC GRNNC SVMC
AccRate(%) AccRate(%) AccRate(%)
N; | Huan | Kiém | Sp | Huan | Kiém (C,Ks) Huan | Kiém
luyén | tra luyén | tra luyén | tra
17 92.7 | 95.2 |0.051| 100 | 98.1 | (0.4493,3.004) | 96.5 | 98.0

Bang 6.5 D¢ chinh xac, d hoi twong va hé s6 F-Score
MLPC | GRNNC | SVMC
Pre 0.9702 | 0.9849 | 0.9947
Rec | 0.9658 | 0.9898 | 0.9788
F-Score | 0.9679 | 0.9873 | 0.9867

6.5 AP DUNG MO HINH CAI TIEN

Buwéc 1. Chon bién va miu ban dau: Tap mau duoc chon 15 bién nhu Bang 6.2,
tap miu ban dau 1a D(S,U)=D(2649,902).

Buéc 2. Giam khong gian mau: Tap mau da rat gon tim dugc la CL(900,400)
bang giai thuat HK nhu & Bang 6.3.
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Bwéc 3. Tach miu: Ap dung giai thuat HK tach nhém dir liéu CL(900,400) ra sb
nhom tir 2 dén 10. S& mau cua tirng tip con tach ra dwoc trinh bay ¢ Bang 6.5.
Buwéc 4. Huin luyén

Tién hanh huan luyén véi dir
liéu cua tung tap con cho

99

mang noron MLP, GRNN, va

SVM. Do chinh xac phan lop

kiém tra dugc trinh bay o
Hinh 6.14. Két qua danh gia

AccRate(%)

98.5~

97.5~

97 -

96.5—

og | B =

d6 chinh xac phan Iop kiém
tra dat cao nhat tai sO nhom
duoctachralas. s T

96~

Hinh 6.14 D6 thi d6 chinh nhan dang véi s6 Bo phan
, I6p song song
Bang 6.6 S6 mau dugc tach ra 5 nhém tir CL(900,400)

B6 mau di S6 nhém tach ra
rit gon 5}
CL(900,400) | CL;(173,25),CL,(184,145), CL4(69,68), CL,(387,85), CL5(87,77)

Két qua danh gia do chinh xac phan 16p trinh bay ¢ Bang 6.7, Bang 6.8, Bang 6.9.
Pre, Rec va F-score dugc trinh bay & Bang 6.9 cho md hinh APCM gom 5 b phan
16p song song.

Bang 6.7 Két qua danh gia trung binh vai 5 bo MLPC song song

MLPC
S6 nhom tach ra AccRate(%)
S6 neural 4n Huan Kiém
luyén tra
5 1828 |15]19| 11| 954 97,3
Bang 6.8 Két qua danh gia trung binh vaoi 5 bd GRNNC song song
GRNNC
S6 nhom tach ra AccRate(%)
Hé s Spread Huén Kiém
luyén tra
5 0,01 |0,216 |0,178 0,01 |[0,01 99,3 98,7
Bang 6.9 Két qua danh gia trung binh véi 5 b SVMC song song
SVMC
S AccRate
nhom %
tach (CKs) Huén( ! Kiém
ra luyén tra
5 [(1.6487, |(2.0138, [(0.6065 | (4.4817, | (0.8187, 97.3 98.5
0.3697) |0.3679) |0.2231) | 0.4066) | 0.2466)
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Bang 6.10 Do chinh xac, d6 hoi twong va hé sé F-Score cua md hinh APCM

5MLPC
S6 bo phan 16p 1 2 3 4 5
Pre 0.9964 | 0.9501 | 1.000 | 0.9939 | 0.9937
Rec 0.9691 | 0.9675 | 0.9775 | 0.9727 | 0.9754
F-Score 0.9826 | 0.9587 | 0.9886 | 0.9833 | 0.9845
5GRNNC
Pre 0.9859 | 0.9760 | 0.9908 | 0.9845 | 1.000
Rec 0.9964 | 0.9645 | 0.9953 | 0.9986 | 1.000
F-Score 0.9911 | 0.9702 | 0.9931 | 0.9915 | 1.000
55VMC
Pre 1.000 0.9820 | 0.9908 | 0.9979 | 1.000
Rec 0.9793 | 0.9686 | 1.000 | 0.9821 | 0.9876
F-Score 0.9895 | 0.9753 | 0.9954 | 0.9899 | 0.9938
Két qua xdy dung md hinh:
Béang 6.7, 6.8, va 6.9 cho tt}ay bd phan
16p ap dung GRNN cho két qua nhan Z — S
dang cao hon bd phan l6p MLP 1a 1,4% Input T el output
—y Disant | E— erane, Y —
va bo phan 16p SVM 1a 0,1%. Nhu vay, meel N
GRNN duoc chon ap dung cho mo H i
hinh. M6 hinh APCM&GRNN gbm 5

bd phan 16p con lam viéc song song,

) Hinh 6.15 M6 hinh APCM gom 5 b
Hinh 6.15. phan 16p song song GRNNC

6.6 NHAN XET

% Giam khong gian bién:

" Két qua chon bién Hinh 6.14 c6 d chinh xac nhan dang cho tap bién dugc
chon boi giai thuat SFFS cao hon giai thuat xép hang FR.

= (6 15 bién duoc chon tir giai thuat SFFS & Bang 5.2 hay s6 bién giam di 6,9
1an so v&i 104 bién ban ddu nhung do chinh xac kiém tra vin khong suy giam.

< Giam khong gian mau:

. Hinh 6.7, giai thuat KM giam khong gian mau véi D(2649) xubng
CL(Sg=900) thi s6 lan lap 1a 27 lan, trong khi giai thuat HK chi ldp c6 10 lan.
Hinh 6.8, giai thuat KM giam khong gian mau v6i D(Ug=902) xudng CL(Ug=400)
sO 1an 1ap 1a 19 lan, trong khi HK chi lap c6 4 lan. Két qua cho thay giai thuat HK
c6 gia tri ham muc tiéu cai thién dang ké so voi giai thuat KM.
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=  Hinh 6.10 va 6.11, giai thuat KM, 1-NNC, d¢ chinh x4c phédn 16p cao nhét
trong vung khao sat dat 93,6% tai CL(700,500), mau giam dén 66,2%. Trong khi,
HK tai CL(300,150), mau giam dén 87,3%, voi do chinh xac phan 16p kiém tra dat
95,2%.

= Két qua s6 mau rat gon duoc chon ¢ Bang 6.3, HK, s6 mau tir D(2649,902)
giam xudng CL(900,400), mau 6n dinh giam con 33,87% va miu khong 6n dinh
giam con 44,3% so v6i sé miu ban dau, trong khi két qua kiém tra dat 98%.

= So voi KM, HK dé nghi 4p dung cai thién d0 chinh xac, hdi tu nhanh hon.
Diéu nay khang dinh HK di khic phuc nhuoc diém hoi tu dia phuong ciia KM.

=  Béng 6.4, bd mau rat gon CL(900,400) lam dit liéu hoc, d6 chinh x4c kiém
tra phan 16p cia GRNNC cho két qua cao hon MLPC va SVMC tuong ung la
2,9% va 0,1%.

< Xay dwng md hinh mang no-ron song song cai tién APCM:
= Hinh 6.14 trinh bay két qua thyc nghiém d6 chinh xac phan 16p véi s6 mang
noron song song tir 2 dén 10, Bang 6.5. Két qua danh gia do chinh xac phéan 16p
kiém tra dat cao nhat tai s6 nhom duoc tach ra 1a 5. Trong do6, do chinh xéc kiém
tra cia GRNNC, MLPC, va SVMC tuong tng 1a 98,7%, 98,5% va 97,3%.
= MO hinh song song gdm c6 5 bd phan 16p con. Bang 6.4 va Bang 6.6, véi
APCM&MLP thi d6 chinh xé4c kiém tra ting 2,1% so v&i mo hinh don. Bang 6.4
va Bang 6.7, APCM&GRNN thi d§ chinh xéc kiém tra tang 0,6% so v&i mo hinh
don. Bang 6.4 va 6.8, APCM&SVM thi @6 chinh xac tang 0,5% so v4i mo hinh
don. Piéu nay khang dinh mé hinh dé xuét da cai thién do chinh xac phan 16p.
6.7 TOM TAT CHUONG 6 , i

Tac gia da ap dung quy trinh chon bién, giam khéng gian mau va md hinh
mang Nno-ron song song cai tién vao xay dung mo hinh chan doan 6n dinh hé thdng
dién. Két qua nghién ciru cho thay hiéu qua cua viéc giam khong dix liéu véi quy
trinh va giai thuat d& xuat. M6 hinh mang no-ron song song cai tién dé xuat giai

quyét duoc muc tiéu nang cao do chinh xac phan 16p.
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Chuong 7. KET LUAN

7.1 KET QUA PAT bUGQC

Luan 4n d3 hoan thanh nhiing ndi dung khoa hoc va thyc tién sau:

1. Dé xuat quy trinh xay dung tap bién cho bai toan nhan dang 6n dinh dong hé
théng dién. Gidi thiéu va ap dung thanh cdng hai giai thuat chon bién, SFFS
va FR, vao giam khong gian bién mot cach hiéu qua. Két qua kiém tra trén so
d6 IEEE 39-bus, giai thuat SFFS cho két qua chon bién tot hon phuong phép
FR nho vao mé rong khong gian tim kiém caa né.

2. Ap dung thanh cong giai thuat giam khéng gian mau K-means lai (Hybrid K-
means — HK), cai tién tir giai thuat phan cum dit liéu noi tiéng K-means, khai
pha dix liéu 6n dinh dong hé thong dién. Két qua kiém tra trén tip mau cua so
d6 IEEE 39-bus cho thay giai thuat HK da khac phuc dugc nhugc diém K-
means, gilp nang cao chat lugng phan cum dit liéu, va giam khong gian mau
mat cach hiéu qua. Viéc giam khong gian mau lam cho mdi nhém mau con ¢
mot tam dai dién. Piéu nay c6 y nghia rat quan trong 1a 1dm cho md hinh
khong ting dung lwgng bd nhé Iuu trit mau mei, linh hoat trong viéc cap nhat
lam giau tri thiec mai, va gidp moé hinh cé kha nang bao phu dir li¢u, thich nghi
VGi mau mai rat cao.

3. Pé xuat quy trinh xay dung hé théng nhan dang théng minh chan doan nhanh
6n dinh dong hé thdng dién dua trén co sé mang no-ron, khai phé dit liéu. Luan
an da phat trién thanh céng mé hinh mang no-ron song song cai tién cho bai
toan nhan dang 6n dinh dong hé théng dién. M6 hinh dé xuit dat duoc muc tiéu
quan trong 13 nang cao d6 chinh xac phan 16p. Vi céach tiép can trinh bay trong
luan &n, céc khau thyc hién da dugc quy trinh hoa, diéu nay gitp md hinh nhan
dang hoan toan c6 thé ma rong cho cac truong hop nhidu 16n khac nhau.

4. Bai toan nhan dang trong d¢ tai c6 thé tong hop cho bai toan diéu khién 6n dinh

hé thdng dién ching han nhu diéu khién sa thai phu tai.
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5. Xay dung cach tiép can nhan dang nhanh trang thai 6n dinh dong hé thdng dién
khi ¢6 sy ¢6 ngan mach nghiém trong xay ra chi dya trén cac bién dau vao la do
thay doi céng suat tac dung tai, do thay doi céng suat tac dung trén cac nhanh,
va sut dién 4p tai cac nit. Két qua kiém tra cho d6 chinh xac nhan dang cao vé
trang thai 6n dinh hé thng dién ma khéng can giai hé phwong trinh vi phan nhu
phuong phap truyén thong.

6. Hé théng nhan dang théng minh dwoc xay dung c6 thé duoc sir dung nhu cong
cu tro gitp cac diéu do vién dé ra chién lugc diéu khién trong nhiing tinh hudng
khan cap, va huin luyén cac diéu do vién hé théng dién xua ly cac tinh huéng
dya trén céc kich ban su cd.

7. Viéc giam khong gian bién c6 y nghia rat 16n trong viéc giam chi phi thiét bi do
ludng cam bién, don gian hoa so d6 ddu nbi, va giup hé théng tang toc do xir 1y.
Viéc giam khong gian mau cé y nghia quan trong trong viéc tiét kiém bo nho
Iru trit mau, giam chi phi thu thap dit liéu, va gitip mo hinh dé dang cap nhat dit

liéu méi ciing nhu tinh thich nghi véi mau méi rét cao.
7.2 HUONG PHAT TRIEN

Tur két qua nghién ctru trong luan an, cac kién nghi cho nghién ctru can tiép tuc

trién khai trong twong lai nhu sau:

= Nghién ciru phdi hop vai khau diéu khién khan cap dé giit 6n dinh hé thong
dién trong trudong hop mat on dinh, chéng han nhu diéu khién sa thai phu tai.

= Nghién ciru mé rong ap dung phuong phap nghién ctru trong dé tai cho nhan
dang 6n dinh dién ap, 6n dinh tan sé.

= Nghién ctru mé rdng ap dung mo hinh de xuat vao luédi dién Viét Nam.
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